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000, Biology for Olympic Il

Hydrogen fluoride, HF or H—F
Hydrogen, H H

A9 1 msianuselanaugly HE wagnisiianusslalaudliu H,0

An ionic bond is an attraction between a positively
charged ion and a negatively charged ion.

Chlorine
atom (Cl) g

%, Chloride
Gains % ion (CI)
electron X

7* N
Sodium
ion (Na™)

17e”

Sodium
atom (Na) &

Loses
electron

11e”

(b) lonic bonding in a salt crystal

(a) Formation of an ionic bond

i 2 maianusylessinluluana NaCl

A

& &

Two water molecules Two parts of one large molecule

i 3 mainfiuselalasiausgninduanavesiuazansvuaivg
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Biology for Olympic I1 Bl o%0 ul
&159uUn38 (organic molecule)

nyflendu (functional group)

anstiluana (biomolecule)

nansaluiiavouasanslag Biooui Institute KILIWGUWSIABIHAUIA 3



Biology for Olympic I1

Chemical Group

Group Properties
and Compound Name

Examples

Hydroxyl group (—OH)

o \ —OH

{may be written HO—)

Is polar due to electronegative oxygen.
Forms hydrogen bonds with water,
helping dissolve compounds such as
sugars.

Compound name: Alcohol (specific
name usually ends in -of)

Ethanol, the alcohol present
in alcoholic beverages

Carbonyl group (>C =0)

o]
7

Sugars with ketone groups are called
ketoses; those with aldehydes are called
aldoses.

Compound name: Ketone (carbonyl
group is within a carbon skeleton) or
aldehyde (carbonyl group is at the end of a
carbon skeleton)

0 H

LPIE
H—C &
H H

Acetone, the simplest ketone

H

X
H

H H
[
H —

I—0nN
I—MN

Propanal, an aldehyde

Carboxyl group (—COOH)

Acts as an acid (can donate H*) because

the covalent bond between oxygen and H 0 0
hydrogen is 5o polar. Y Y,
® 0 H—C—=C = = .n
// V4 Compound name: Carboxylic acid, or ‘ \OH \O‘
—C\ organic acid H ) )
9 OH Acetic acid, which gives lonized form of —COOH
- vinegar its sour taste {carboxylate ion),
found in cells
Amino group (—NH;) Acts as a base; can pick up an H* from ‘ .
the surrounding solution (water, in living 0 H H H
H ) organisms). N | / |
/ C—C—N + H* = —*N—H
N Compound name: Amine /] |
) H Glycine, an amino acid lonized form of —NH,
(note its carboxyl group) found in cells
Sulfhydryl group (—SH) Two — SH groups can react, forming a
“cross-link” that helps stabilize protein o
structure. Hair protein cross-links maintain \C/OH
the straightness or curliness of hair; in hair | .
—d | —sH salons, permanent treatments break H—C — CH,——5H Cysteine, asulfur-
* cross-links, then re-form them while the [ 272 containing amino acid
/ (may be written HS —) | hair is in the desired shape. N
N
Compound name: Thiol H H
Phosphate group (—OP0O;%) Contributes negative charge (1- when
positioned inside a chain of phosphates;
’ 0 2—when at the end). When attached, OH OH H 0 .
I confers on a molecule the ability to react [ Il Glycerol phosphate, which
_‘ i with water, releasing energy. H—C—C—C—0—P—0" takes partin many important
' | |1 | | chemical reactions in cells
o Compound name: Organic phosphate H H H| o
Methyl group (— CH3) Affects the exprgssion of genes when on NH,
DNA or on proteins bound to DNA. ‘
Affects the shape and function of male C CH . .
L0 5-Methylcytosine, a
T and female sex hormones. | ﬁ component of DNA that has
o _ been modified by addition of
= (|5 H Compound name: Methylated O¢C \N/C ~H a methyl group
J M compound ‘
H

- | s ao o o ' a ada
AINN 4 MHWQﬂ%uwaq @WWUIUS’NMEJ‘UENN@J“U’M
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Biology for Olympic 11 050
H,0 H,O H,0
fMonomers\
HO- ~-H + HO- —H—LHO- Ha)- H HO4 - H HO- - - - -H
HO-_ ~H HO-  ~H

A polymer begins as two
monomers combine in a Elongation of the polymer continues
dehydration reaction. with additional dehydration reactions.

(a) Polymer formation by dehydration reactions

H@ - J-H HO-_ ~H
HO- - H?LHO- Hedd i ?i)HO H *H?—> HO-
H,O H,O

H,0

Polymers are broken down
one monomer at a time by
hydrolysis reactions.

(b) Breakdown of a polymer by hydrolysis reactions

2 5 UfAsedlanstusasufiselalaslada

The final polymer may
consist of many
monomers.

-H + HO-_ +H

mslulawasn (Carbogydrates)

Aslulawmsn

msuusUseinvvesasiulanse

1. uauswwAAlsa (monosaccharide)
2. Tedlnusarlsa (oligosaccharide)

3. woAwwanlse (polysacchardie)

wauauwAAlse (Monosaccharide)
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Biology for Olympic 11 050
ISOMERS EPIMERS
Have the same molecular formula Differ at one of several asymmetric
but different structures carbon atoms
| ‘ | cHo CHo
CONSTITUTIONAL ISOMERS STEREOISOMERS H—C—O0H HO—C—H
Differ in the order of attachment of atoms Atoms are connected |
0 H in the same order but HO*(\Z*H HO*?*H
differ i tial t
N ‘/ '~|-FH20H iffer in spatial arrangemen H*(\Z*OH H—C— OH
H—C—0H C=0 Hf(‘:fOH H—C—0OH
\ |
CH,OH CH,OH CH,0H CH,0H
. p-Glucose D-Mannose
Glyceraldehyde Dihydroxyacetone (CaH1200) (CeH1208)
(C3Hg03) (CsHg05)
I
ENANTIOMERS DIASTEREOISOMERS
. N . . . ANOMERS
Nonsuperimposable mirror images Isomers that are not mirror images | Isomers that iffer at a new
O“c/H OQC/H (‘:HO (|:HO asymmetric carbon atom formed on ring closure
‘ ‘ HO_C‘:_OH H_(I:_ OH CH;OH CHon
H—C‘—OH HO—C‘—H H*(\Z*OH HO— C—H 0} O OH
CH,0H CH,0H H—(‘I—OH H —IC—OH ] OH OH
p-Glyceraldehyde L-Glyceraldehyde L Iy HO OH HO
(CsHg03) (CsHg05) H—C—OH  H—C—OH
CH,0OH CH,0H OH OH
p-Altrose p-Glucose a-D-Glucose B-p-Glucose
(CeH1206) (CeH1206) (CeH1206) (CeH1206)
Py . '
A9 6 isomer Luusinge Tuanslulansn
(a) p-Aldoses
Three carbons Four carbons Five carbons
H H H H
AN /0 AN //0 AN //O AN //0
H 0 H fo} C C & C
N A N 7 | | \ |
I 0 (|3 (‘J H—C—0H HO—CllfH H—(‘J—OH HO—Cl—H
N Z
C H—(li—OH HO—(‘)—H H—(l)—OH H—(l)—OH HO—(‘)—H HO—(l‘,—H
H—C—O0H H—?—OH H—(‘D—OH H—C—O0H H—(l‘,—OH H—(‘I—OH H—(ll—OH
CH,0H CH,OH CH,OH CH,OH CH,OH CH,0H CH,OH
D-Glyceraldehyde | D-Erythrose ‘ D-Threose [D-Ribose | | b-Arabinose | | D-Xylose | D-Lyxose
Six carbons
H (0] H 0 H 0 H 0] H (0] H 0 H 0 H 0]
N A N A N A N A N A N A N A AN
4 7 ¢ ¢ d ¢ ¢ d
H—C—OH HO—C—H Hf(‘ff()H HOf(lj —H H—C—OH HO—C—H Hf(‘ijH HOfC‘)—H
H—C—OH H—C—O0H HO—(‘]—H HO—C—H H—C—O0OH H—C—0OH HO—(‘?—H HO—(‘D—H
H—C—OH H—C—0OH H—(‘T—DH H—C—OH HO—C—H HO—C—H HO—(‘)—H HO—(‘)—H
H—C—OH H—C—O0H H—(‘Z—OH H—C—0H H—C—O0H H—C—0H H—(‘?—OH H—(‘?—OH
CH,OH CH,O0H CH,0OH CH,0H CH,OH CH,OH CH,OH CH,OH
p-Allose D-Altrose ‘ D-Glucose ‘ ‘ D-Mannose| D-Gulose D-ldose | D-Galactose p-Talose

AN 7 fregnadnena D-aldose Nnulusssuunf
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Biology for Olympic I1

(b) p-Ketoses

Three carbons Four carbons
C‘H20H
CH,OH (‘3:0
C|:O H—C‘—OH
CH,0OH CH,O0H
| Dihydroxyacetone | [ p-Erythrulose |
Five carbons Six carbons
(‘JHZOH (|2H20H
CH,OH C=0 (|J:O
?:O H—C—OH HO—C—H
H—(lj—OH H—C‘—OH H—(‘J—OH
H—C—OH H—C—OH H—(\?—OH
CH,OH CH,0OH CH,0OH
o-psicose
(IJHZOH (IIHQOH
(|3H20H (Ij:() (I_‘,:O
(|J=O H—C—OH HO—(I)—H
HO*(IFH HO—C—H HO—(|3—H
H—C—OH H—C—OH H—(|3—0H
CH,OH CH,0H CH,OH
D-Sorbose D-Tagatose ) - .
AN 8 MIBY1UIRE D-ketose TwulusIINYR
—
H—'Cc—oH
H H R— . |
R—o/_/\;(:< S > < H— ‘|3_0H
N ; o
R o HO— C—H
Alcohol Aldehyde Hemiacetal 4 |
H— C—OH
A |
CHEOH H— ‘|3
H_ /0 o / \H °CH,0H
1C H " a-p-Glucopyranose
T (lz—()H ?(EH?OH H / C —(/OH
JC—0, HO— C—H
Ho—C—n e ~ M i on |
| — (I] 4 oH H 1 C\ Cyclization a-n-Glucopyranose H— C—OH
H— C—OH HO N3 21 A | o
5 | C m— GH;OH HO— C—H
H— C—OH H OH |
o H/H \OH H— C—OH
CH,OH |
o) H /
D-Glucose @ H H— C|:
/ ||1 OH CH,OH
Pyran B-p-Glucopyranose B-p-Glucopyranose

HAWORTH PROJECTION FORMULAS

FISCHER PROJECTION FORMULAS

il 9 mswdeulassasnainglagain linear structure \Uu ring structure
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Biology for Olympic 11

Todlnuwaanlsa (oligosaccharide)

fagraladlnuaanlsannuunlusssua

(a) Dehydration reaction in
the synthesis of maltose.
The bonding of two glucose
units forms maltose. The 1-4
glycosidic linkage joins the
number 1 carbon of one
glucose to the number 4
carbon of the second glucose.
Joining the glucose monomers
in a different way would re-
sult in a different disaccharide.

CH,OH

Glucose

H H H H
e
HO 03 OH H
H OH i H OH
L+.04

CH,OH

Glucose

CH,OH

1-4
H H glycosidic H
I linkage 4
o 0

H OH

Maltose

(b) Dehydration reaction in
the synthesis of sucrose.
Sucrose is a disaccharide
formed from glucose and
fructose. Notice that
fructose forms a five-sided
ring, though it is a hexose
like glucose.

CH,OH

OH

Glucose

;
®

CH,OH
H
_—
o CH,OH H

OH

Fructose

CH,OH

1-2 CH,OH
H H glycosidic H
1 linkage 2
0 ) CH,OH

H OH

Sucrose

AW 10 YR58 dehydration iedunzinealnauazylasa
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(e)
B! 000, vl Biology for Olympic Il
Free anomeric carbon Simple sugars
(reducing end) .
CH,OH CH,OH ‘ CH,OH CH,OH > Glucose
HO O O O O O Galactose
on o oM HOH oM ] i HOH O Fructose
HO CH,OH
OH OH OH OH fe)
Lactose (galactose-$-1,4-glucose) Maltose (glucose-a-1,4-glucose) OH
HO (@]
. N OH |‘
CH,OH CH,OH CH,OH CH,OH CH,
(6] O H (6] O (6}
OH o HO OH 0. K OoH HOH OH HOH
HO CH,OH HO HO
OH OH OH OH OH
Sucrose (glucose-1a-B2-fructose) Cellobiose (glucose-8-1,4-glucose) Isomaltose (glucose-a-1,6-glucose)

= v H oA = a
AN 11 IﬂiﬂaﬁwmmmaimLaqaﬂ“ﬁuﬂmﬂ‘] VlWUI‘uﬁiiiJsd’m

waduannlsa (Polysaccharide)

w9 (starch)

Amylose:
unbranched

starch
granule

Amylopectin:
branched

a. Starch 57X

29 12 1aseasneaveaud
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Biology for Olympic 11

Inalatau (glycogen)

b. Glycogen

i 13 Tassasrevedlnalaau

waglaa (cellulose)
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BI ul Biology for Olympic I1

cellulose fiber

A

O\ t>— microfibrils

molecules

CH,OH
__——————hydrogen bonds
H & OH

2 14 lassaisveaeaglad

lafAu (chitin)

N-acetyl glucosamine
|
[ |

H,OH H NHCOCH, CH,OH H NHCOCH,
H o H H o H
H H o H H 2
H H

NHCOCH, CH,OH NHCOCH, CH,OH

© Jason S/Shutterstock.com

(a) Chitin is a polymer composed of N-acetyl glucosamine subunits.

(b) Chitin is an important component
of the exoskeleton (outer covering)
this cicada is shedding.

A9 15 Tessasraveslaiiu
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Biology for Olympic 11

mMsnaaauasiulawnse

nsaa:0lutalussiu (Amino Acid and Protein)

Asmezdlu (amino acid)

Usznmvaansnezdluvilamig 9

nansaluiiavouasanslag Biooui Institute KILIWGUWSIABIHAUIA
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Bl 000, ul Biology for Olympic Il
Nonpolar side chains; hydrophobic
Side chain
(R group)
ﬁ
Glycine Alanine Valine Leucine Isoleucine
(Gly or G) (Ala or A) (Val or V) (Leu or L) (lle or 1)
Methionine Phenylalanine Tryptophan Proline
(Met ar M) (Phe or F) (Trp or W) (Pro or P)
Polar side chains; hydrophilic
Since cysteine is only weakly
polar, it is sometimes classified !
as a nonpolar amino acid. =
Serine Threonine Cysteine Tyrosine Asparagine Glutamine
(Ser or S) (ThrorT) (Cys or C) (TyrorY) (Asn or N) (GIn or Q)
Electrically charged side chains; hydrophilic
Basic (positively charged)
Acidic (negatively charged) ! !
Aspartic acid Glutamic acid Lysine Argmlne Histidine
(Asp or D) (Glu or E) (Lys or K) (Arg or R) (His or H)

A9 16 fredensnezdluviianig q Anulusssueid

matAanedimulng (polypeptide formation)
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(o)
Biology for Olympic I1 Bl o%0 ul
Glycine Alanine
H H 5 H  CHy o T H (”) CH; o
HfN“ffC—-C/ + H—N'—Cc—C ——>» H—N'—C—C N—c—c/ + H0
1T e | T | | No-
H H H H H H H H
Carboxyl Amino Peptide
group group bond
(a) Formation of a peptide bond between 2 amino acids
OH
o] (o
OH \C/ SH
| | HC CH3 |
H H o} CH; O CH, O CH, O CH, O \CH/ (o] CH, O CH,
o I | Lol . | L A2
T T T TR
o
H K H H H H H H H H H H H H H H H
\_'_I
Free amino Free carboxyl
group

group

The backbone of the polypeptide

The amino end of a polypeptide
is highlighted in yellow.

is called the N-terminus.
(b) Polypeptide—a linear chain of amino acids

N-terminus C-terminus

1 2 3 4 5 6 7 8

Gly Ala Ser Asp Phe Val Tyr Cys

This is an octapeptide (8 amino acids).

(c) Numbering system of amino acids in a polypeptide

29 17 msiianuszmdlnawaswedmdlng

1Usfiu (protein)

The carboxyl end
of a polypeptide is
called the C-terminus.

nansaluiiavouasanslag Biooui Institute KILIWGUWSIABIHAUIA
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Bl 050 ul Biology for Olympic I1
(a) Primary structure. The primary (b) Secondary structure. Local
structure of a protein is a regions of the resulting
sequence of amino acids linked polypeptide can then be (c) Tertiary structure. Regions of
together by peptide bonds, coiled into an a helix, one secondary structure associate
forming a polypeptide. form of secondary structure. with each other in a specific
manner to form the tertiary
structure, which describes the
final folding of the polypeptide.

(d) Quaternary structure. For
multimeric proteins, the
quaternary structure describes
the association of two or more

\\ polypeptides as they interact
\ to form the final, functional

protein.

A9 18 Tpseas19vedlusAuszAusIge

(a) The ahelix. The o helix resembles a
coiled telephone cord with each turn of
the coil stabilized by hydrogen bonds
between the CO and NH groups of one
peptide bond and those of the peptide
bonds four amino acids away in each
direction, just “below” and “above” it in
the helix. The hydrogen bonds of an o
helix are therefore within a single
polypeptide chain and parallel to the

polypeptide axis.

Side chains
(R groups)

(b) The Bsheet. The f sheet involves two
polypeptide regions and resembles a
pleated skirt. The successive atoms of
each polypeptide chain run perpendicular
to the pleats, and the R groups of the
amino acids jut out on alternating sides of
the sheet at each fold. This structure is
stabilized by hydrogen bonds between
the CO and NH groups of peptide bonds
in the adjacent polypeptide regions.

Main polypeptide
chains

(a) @ helix (b) B sheet

a a

i 19 lassaiamggiiveddusiuuuy a-helix uag B-sheet

Y
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Biology for Olympic Il Bl D ul

N-terminus

(spiral)

C-terminus { . . .
& i 20 spiral lLa ribbon model 984 ribonuclease

NH(+
, Hydrogen bonds: Bonds form between

atoms in the polypeptide backbone and
between atoms in different side chains.

2 Jonic bond: Bonds form
between oppositely
charged side chains.

COO~

3 Hydrophobic effect:
Nonpolar amino
acids in the center of
the protein avoid
contact with water.

5  Disulfide bridge:

A covalent bond
forms between 2
cysteine side chains.

4  van der Waals
forces: Attractive
forces occur
between atoms
that are optimal
distances apart.

2 21 usavsetadesineg dwaselasiasieseiunfegilveslusiu

nsdvanInsITLYIAveslUIAU (protein denaturation)

nansaluiiavouasanslag Biooui Institute KILIWGUWSIABIHAUIA 17



BI o ul Biology for Olympic I1

Ribonuclease protein, folded Ribonuclease protein, denatured (unfolded)

Denaturant added

S
Denaturant removed

Disulfide
bonds

S

Hydrogen

bonds

Broken disulfide and
hydrogen bonds

MNT 22 FegeanSLAANINSSSUYAVRILUSAY ribonuclease

WA 9 veslushiu

v A

Tshumimhsaugisenad

[N

Wshufivhnihfiazauanssing o
Wshufivhuifidusesluy
WsiufiRedestunsindsulm
Wsudivhaiilunistestiu

TWsAuny N lunisades

TUsAuRvi i MBuiSU (receptor)

WsAuUNY v nAu

3

e e oo RN

TUshumdufiy

AsnagaulusAu
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Biology for Olympic 11

Enzymatic proteins

Defensive proteins

Function: Selective acceleration of chemical reactions
Example: Digestive enzymes catalyze the hydrolysis of bonds in food

.\

molecules.

< —

f,.

Function: Protection against disease
Example: Antibodies inactivate and help destroy viruses and bacteria.

Antibodies

Bacterium

Virus

Storage proteins

Transport proteins

Function: Storage of amino acids

Examples: Casein, the protein of milk, is the major source of amino
acids for baby mammals. Plants have storage proteins in their seeds.
Ovalbumin is the protein of egg white, used as an amino acid source
for the developing embryo.

Amino acids
for embryo

Ovalbumin

Hormonal proteins

Function: Coordination of an organism’s activities
Example: Insulin, a hormone secreted by the pancreas, causes other
tissues to take up glucose, thus regulating blood sugar concentration.

L 4
| J
®® -
. Qo
. Insulin
High secreted Normal
blood sugar blood sugar

Function: Transport of substances

Examples: Hemoglobin, the iron-containing protein of vertebrate
blood, transports oxygen from the lungs to other parts of the body.
Other proteins transport molecules across membranes, as shown here.

——
Cell membrane

Receptor proteins

Function: Response of cell to chemical stimuli

Example: Receptors built into the membrane of a nerve cell detect
signaling molecules released by other nerve cells.

Signaling molecules: 0 S
oot o d

Contractile and motor proteins

Structural proteins

Function: Movement

Examples: Motor proteins are responsible for the undulations of cilia
and flagella. Actin and myosin proteins are responsible for the contrac-
tion of muscles.

| *.:;‘m.*;msﬁ,‘j‘ﬁ!g}}':’;;.ii‘.ﬂiﬁi
“ ;\I;‘:i “:' v-i;,.w’.»
2 l umnmlilm

—

Muscle tissue 30 pm

Function: Support

Examples: Keratin is the protein of hair, horns, feathers, and other skin
appendages. Insects and spiders use silk fibers to make their cocoons
and webs, respectively. Collagen and elastin proteins provide a fibrous
framework in animal connective tissues.

Connective tissue 60 p.m

AN 23 nenvedlUsAUTTAIN 9

adm (Lipid)

afin (Lipid)

nsalasiu (fatty acid)

nansaluiiavouasanslag Biooui Institute KILIWGUWSIABIHAUIA 19



000, Biology for Olympic Il

(a) Isoprenes can be linked into branched (b) Fatty acids are unbranched hydrocarbon chains joined to a carboxyl group.
hydrocarbon chains called isoprenoids.

O
//
Isoprene Y Carboxyl { e
H,C i - group L \CH
N sy P i
/CH CH, HyCQ
Hy,C—C H;C—CH pot
\CHZ /CHZ HvC\
ch\ SO
CH, H,C
H;C—CH \CHz Kinks may form
\CH H C/ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, in unsaturated
= C/ > L Hydrocarbon 4 . \CH hydrocarbon
2 N chains i 2 chains
e 2
v H;C—(‘{I >CHZ
/CH, H,C
Branches of | H,C \CH
methyl groups | ., N Ve
Q CH, H,C
H;C—CH \CH
N 3
CH | I
Isoprenoid Saturated fatty acid Unsaturated fatty acid

A9 24 nsaladuaiingng 9

InsueBandiwesea (Triacylglycerol)

:
H— C— OH
I Carboxyl
H_(I3_OH
A ‘
H HO
Glycerol Fatty acid
(a)
Ester linkage
" T R R R R I I I
H G e e e e e
H H H H H H H H H H H H H H m
A R I R I (@ paimine o
He o= 6= GGG oG G—C—C—G—C—C—C—C—0—o—an,
H H H H H H H H H H H H H H
A R R I @ oeienes
Ho 6 FE g TS e emeT e o
H H H H H H H H H H H H H
(b) A triacylglycerol (e) Linoleic acid

29 25 N5ELASIEALATWeTanAeT0a
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Biology for Olympic Il Bl D ul

Woalw@fia (phospholipid)

G
Vet
H H HH H H H \“\ \/\ /C\/\ \
I I e I | c—% \ W ®
C—6—G—C—C—C—C—C=C—} \
[ [ [ [ R
H H HHHHH H H
H H H H H H H HUHUHUHUHUHUHHH
| | |
(GG (O —{a—{o—{or— (oo (o —(o—{e—{e—{e—{or—{c —{el1};
[t
H H H H H H H HUHHUHUHUHUHHH
Choline Phosphate Glycerol Fatty acids

group

| |
Hydrophilic Hydrophobic
head tail

A9 26 1assasnavealaalvdng

Awasa8n (steroid)

lana'lsaﬁuﬁa\l)uﬁuﬁnﬁnﬂ Biooui Institute h"lUlNﬂllWS‘[ﬂﬂlﬁmU'm 21



Biology for Olympic I1

All steroids have

four rings.

HO

Removal of
hydrogens can
create double

ot

H,c CH CH, CH;
CH,—CH
!
CH3
H
Cholesterol

Cholesterol can be
converted to other
steroids by modifying

bonds. side groups.

OH
HsC  OH

Estrogen Q Testosterone o"

Female cardinal Male cardinal

A9 27 FedsameTaundagig § Iwuannluddidin

nsnidAadn (Nucleic Acid)
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NITROGENOUS BASES
Pyrimidines
e 0 0
C C CH C
l\llf \CIiH H'\li/ \ﬁ/ 3 Hr‘l‘/ \ﬁH
C CH C CH C CH
Sugar-phosphate backbane 07 N7 07 N7 07 N7
5 end/(cn blue background) H H H
Cytosine (C)  Thymine (T, in DNA) Uracil (U, in RNA)
Purines
s i
Nucleoside //N“C/C*N //N\C/C\NH
Nitrogenous HC\ /g (|IH HC\ /g (l:
base N=sy= N==SNZ e
H H
o 5C Adenine (A) Guanine (G)
Il N
0—P—-0—CH,
I SUGARS
0 ~1C o o
Phosphate 3c HOCH, OH HOCH, OH
group Sugar v " v "
(pentose)
) A e H e H
(b) Nucleotide monomer in a OH H OH OH
OH polynucleotide
Deoxyribose (in DNA) Ribose (in RNA)
3'end
(a) Polynucleotide, or nucleic acid (c) Nucleoside components

B,

9 28 Taerdlelenuarneddindlalng

Bases

Backbone
Adenine

— Purines

— Pyrimidines

The 3’ carbon of

one nucleotide is
linked to the 5" carbon
of the next nucleotide
via a phosphate
group.

DNA strand

29 29 Tassasnaveaneaiimalolnaias DNA

Opposite
DNA strand
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